the EPR parameters we used the b3-lyp 8 functional and the def2-TZVP basis set on all atoms. For the Mössbauer parameters we used the b3-lyp functional and the TZVP basis set on all atoms. The same method was applied for calculation of the Mössbauer parameters of 3 with Orca at the b3-lyp/TZVP level, but using the (non-optimized) geometry of the X-ray structure and employing the RIJCOSX approximation. The Mössbauer parameters of 3 were also computed using a different basis set combination, in particular using the CP(PPP) basis set on Fe. For these DFT calculations ORCA 2.7 revision 0 was used. 9 Again the geometry of 3 found in the crystal structure was used without geometry optimization. The single point calculations were performed with the B3LYP functional. 10 The "core-prop" (CP(PPP)) basis set for iron, 11 triple- basis sets with one-set of polarization functions (TZVP) for nitrogen, 12 and double- basis sets with one-set of polarization functions (SV(P)) for carbon and hydrogen atoms were used. 12 Mössbauer parameters were calculated as reported previously.
13
Spin density plots were visualized using the program Molekel. 14 Compounds 2, 3, 5, and 6 were isolated as single crystals with solvent molecules in the lattice as described in the experimental part. If not otherwise noted, lattice bound solvent molecules were not or could not be removed under reduced pressure and yields refer to the compounds including the indicated amount of lattice bound solvents.
[FeBr 2 (trop 2 dad)] (1). Toluene (8 mL) was added to a mixture of trop 2 dad (500 mg, 1.15 mmol) and [FeBr 2 (thf) 2 ] (413 mg, 1.15 mmol). The reaction mixture turned green and was stirred at ambient temperature for 16 h. All volatiles were removed under reduced pressure to give a green solid which was dried in vacuo for 24 h. Yield: 748 mg, 1.15 mmol, quant. Single crystalline material can be obtained by recrystallization from hot toluene or from CH 2 Cl 2 /hexanes (layering at ambient temperature). 1 [Na(thf) 3 Fe(trop 2 dad)] · 0.5(C 6 H 14 ) (2). Method A: Naphthalene (40 mg, 0.31 mmol) and sodium (22 mg, 0.96 mmol) were subsequently added to a stirred suspension of [FeBr 2 (trop 2 dad)] (200 mg, 0.31 mmol) in THF (4 mL). The reaction mixture turned brown and was filtered after 16 h. The filtrate was layered with hexanes (6 mL). Dark brown single crystalline needles of 2 formed within 20 h, were isolated by decantation and dried in a stream of Argon. A second crop of single crystalline material was obtained after 1 d upon cooling the mother liquor to -30 °C. Combined yield: 111 mg, 0.14 mmol, 45%. Method B: A suspension of NaH (83 mg, 3.46 mmol) in THF (1 mL) was added to a stirred suspension of [FeBr 2 (trop 2 dad)] (450 mg, 0.690 mmol) in THF (5 mL). The reaction mixture turned brown and a gas evolution was observed. After 2 h the reaction mixture was filtered and the filtrate layered with hexanes (20 mL). Dark brown single crystalline needles of 2 formed within 14 h, were isolated by decantation and dried in a stream of Argon. A second crop of single crystalline material was obtained after 1 d upon cooling the mother liquor to -30 °C. (2 mL) . After 5 h the reaction mixture was filtered. The filtrate was layered with hexanes (8 mL) and cooled to -30°C to give single crystalline colorless 5 after 3 d, which was filtered off and dried in a stream of Argon (11 mg, 19 µmol, 37% with respect to Ph 3 CCl). The filter cake was extracted with toluene (2 × 1 mL) and filtered. The filtrate was layered with hexanes (8 mL) to give single crystalline 3 after 1 d, which was filtered off and dried in a stream of Argon (14 mg, 13 µmol, 37% with respect to Fe). The toluene/hexanes filtrate was stored at ambient temperature for 21 d to give dark brown single crystalline 6, which was filtered off and dried in a stream of Argon (9 mg, 11 µmol, 11%). Figure S5 ). This rules out the presence of superparamagnetic impurities.
The relation
gives an average g value of 2.08 for compound 2 based on magnetic susceptibility measurements. This is in good agreement with the geometric average of the g values determined by EPR spectroscopy, g average = 2.10, and rules out the presence of ferromagnetic or paramagnetic impurities. The data were analyzed using the program JulX by Dr. Eckhard Bill. The data obtained at 1 T was in good agreement with a spin Hamiltonian model for local spins S Fe1 = S Fe3 = 1/2, S Fe2 = 2 with the following parameters:
A large zero field splitting parameter D Fe2 was chosen as a starting point in the simulations due to the wide split subspectrum of Fe2 in the applied field Mössbauer spectrum of 3, which seems to indicate large magnetic anisotropy due to sizable zero-field splitting. The latter can arise only from Fe2 because the terminal Fe(I) ions are in doublet state and, hence, cannot contribute single-ion zero-field splitting. The applied field Mössbauer data are not discussed here in detail, because a fully consistent global spin Hamiltonian simulation could not yet be obtained due to the complexity of the spin ladder and related spin relaxation issues, arising from competing moderately strong all-antiferromagnetic spin coupling and a pronounced local zero field splitting of S Fe2 = 2 in compound 3.
It should be mentioned that an acceptable fit of the magnetic susceptibility data could also be obtained using the above model with other parameters. The error plots in Figure S7 indicate possible solutions. At a low applied field of 0.01 T a higher effective magnetic moment was obtained (µ eff = 5.8 µ B at 300 K and 1 T; µ eff = 6.4 µ B at 300 K and 0.01 T (corrected only for diamagnetic contribution)). 17 At low temperatures and an applied field of 0.01 T, a transition is apparent in the ZFC data at 5 K while the FC curve diverges from the ZFC curve ( Figure S9 ). The observed behavior is most likely due to the presence of small amounts of superparamagnetic impurities, although it cannot strictly be excluded to be an intrinsic property of compound 3 in solid state. 18 Extensive electronic and magnetic studies are required to clarify the type of interactions in 3 in low magnetic fields, ideally on single crystals and would be beyond the scope of this communication. Table S1 . Spin density and SOMO plots of the [Fe(trop 2 dad)] -anion are shown in Figure   S10 revealing a mainly type topology for the SOMO. 
S14
The X-band EPR spectrum of [Fe 3 (trop 2 dad) 2 ] (3) recorded in toluene solution at room temperature shows a broad featureless signal ( Figure S11a ). At 20 K in a toluene glass, an even broader featureless signal is observed, which extends over the full magnetic field sweep ( Figure S11b ). This is characteristic of small, mostly single-domain magnetic particles, the anisotropy of which determines the width of their (ferro)magnetic resonance spectrum. Their line width decreases with increasing temperatures, unlike for paramagnetic systems, because the effective magnetic anisotropy decreases when the barrier can be thermally crossed. (this effect is size dependent and more pronounced for smaller particles). 19 Thus, the X-band EPR signal observed in samples of 3 was assigned to small magnetic particles, which are present as minor impurities or form upon beginning decomposition of 3 in solution. 21, 22 and about the strength of backbonding from the metal center to the olefin moieties. 
S16
The N1-Fe1-N2 angle is small (78.19 (7) 3 Fe(trop 2 dad)] (2) was reacted with one equivalent of Ph 3 CCl (Scheme S1). Analyses of the products isolated from this reaction let us suggest two competing reaction pathways A and B. We propose the formation of intermediate I-1 as the initial step common to both pathways. Pathway A: Gomberg hydrocarbon 5 was isolated from the reaction mixture. 5 is the known dimerization product of the (Ph 3 C)
• radical. 15 This indicates that in situ generated (Ph Hydrogen atoms and one molecule of hexanes per asymmetric unit are omitted for clarity. Displacement ellipsoids are shown at the 50% probability level.
[Fe(trop 2 dad-CPh 3 )]·(Tol) (6). 6 crystallizes in the triclinic space group P with Z = 2 ( Figure  S17 ). The iron center is coordinated by two N-functionalities and two olefinic moieties. It resides in a distorted square planar coordination geometry with an angle sum of 364.65(7)° around Fe (N/C-Fe1-N/C, 81.54(6)-98.04(8)°). The NCCN backbone of the ligand displays one long C31-N1 bond (1.368(2) Å) and one short C32-N2 bond (1.3283(19) Å), which are associated with an amido and an imino functionality, respectively. 28 This is in good agreement with a short Fe1-N1 distance (1.8653(13) Å) and a large Fe1-N2 distance (1.9446(15) Å). However, these differences in Fe-N bonding do not induce a thermodynamic trans-effect in 6, as the Fe-olefin bond lengths are identical within limits of error (and elongated compared to 2). The C31-C32 distance of 1.446(3) Å indicates single bond character. Accordingly, C32 shows a planar coordination geometry (Σ°, 359.97(14)°). Thus, compound 6 contains a monoanionic amido-imino diolefin ligand. An effective magnetic moment of μ eff = 1.6 μ B was determined for 6 using Evans' method. This is close to the spin only value of one unpaired electron (1.73 μ B for g = 2) and suggests an Fe(I) l.s. electron configuration. (2); C32-N2, 1.328(2); N1-Fe1-N2, 81.57(6); N1-Fe1-(C4-C5), 91.67(7); N1-Fe1-(C19-C20), 161.86(7); N2-Fe1-(C4-C5), 161.41(7); N2-Fe1-(C19-C20), 93.37 (7); (C19-C20)-Fe1-(C4-C5), 98.03(7); Σ(C31/C33/N2-C32-C33/N2/C31), 359.97 (14) . (1) mm/s). This is not caused by small differences in the X-ray coordination geometries compared to the optimized geometries in the gas phase, as the DFT calculated Mössbauer parameters are similar when the X-ray geometries are used without any prior geometry optimization (Table S2 ). We thus speculate that the experimental Mössbauer parameters are influenced by electrostatic forces and/or weak intermolecular exchange interactions between the [Fe(trop 2 dad)] -anions in the solid state. Alternatively, the Mössbauer parameters might not be predicted accurately enough by the applied DFT methods. [29] (e) Geometry found in the X-ray structure, not optimized with DFT. [29] c Asymmetry parameter η = (V xx -V yy )/V zz (0  η  1).
d The sign is not determined experimentally. ).
